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. , $a(t),$ $b(t)1ht>0$ .
, $(E)$ , $(E)$ $x=x’=0$
.
, 2 uniformly asymptotically
stable asymptofically stable [2, 6, 7, 9, 10].
$(E)$ $a(t),$ $b(t)$ unifom
asymptotic stability asymptotic stability . ,
, uniformly asymptotically stable , asymptotically stable . ,
asymptofically stable uniformly asymptotically stable .
.
$x”+ \frac{2}{1+t}x’+x=0$ (1.1)
. , (1.1) $x=x’=0$ asymptotically slable ,
uniformly asymptotically stable . , (1.1)
$( \frac{\cos t}{1+t}-\frac{tt\sin t}{(1+t)^{2}}\frac{\sin}{1+}$ $- \frac{\sin t}{1+t}-\frac{tt\cos t}{(1+t)^{2}}\frac{\cos}{1+})$
, Coppel [1] . ,
uniforn asymptotic stability asymptoUc stability . ,
. , non-uniform
asymptotic stabiliq . , $(E)$ non-unifoxm
asymptoUc stability , .
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, $(E)$ $x=x’=0$ asymptotically stable





([3-6, 8,9, 11] ). , $I$
$\tau_{n+1}\leq\sigma_{n}+\Omega$
$\Omega>0$ , $\phi(t)$ weakly integrally positive ([5, 91
). , $1/(1+t)$ sin2 $t/(1+t)$ weakly integ-rally positive , integrally
posifive .
Sugie and Onitsuka [9] $(E)$ 2 Global asymptotic
stability . $(E)$ .
A. $\overline{a},$ $\overline{b},$ $\underline{b}>0$ , $t>0$
$|a(t)|\leq\overline{a}$ (1.2)
$\underline{b}\leq b(t)\leq\overline{b}$ (1.3)
. , $2a(t)b(t)+b’(t)$ weakly $inte_{\Psi^{allyp_{oS}itive}}$
, $(E)$ $x=x’=0$ asymptotically stable.
A ,
$x”+ \frac{1}{1+t}x’+x=0$ (E-1)
$x=x’=0$ asymptotically stable . , $a(t)=!/(1+t)$
$b(t)=1$ , (1.2) (1.3) .
$2a(t)b(t)+b’(t)= \frac{2}{1+t}$
, $2a(t)b(t)+b’(t)$ weakly integrally positive . ,
A , (E-1) asymptotically stable .




. , $\overline{b},$ $K,$ $k>0$ , $t>0$
$0<b(t)\leq\overline{b}$, (15)
$|a’(t)|\leq Kb(t)$ $kb^{2}(t)\leq 2a(t)b(t)+b’(t)$ (1.6)
, $(E)$ $x=x’=0$ asymptotically stable.
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,$x”+ \frac{1}{1+t}x’+\frac{1}{1+t}x=0$ (E-2)
. $a(t)=b(t)=1/(1+t)$ , (1.2), (1.4) (15)
. , $K=k=1$
$|a’(t)|= \frac{1}{(1+t)^{2}}<\frac{1}{1+t}=Kb(t)$ $kb^{2}(t)= \frac{1}{(1+t)^{2}}=2a(t)b(t)+b’(t)$
, (1.6) . , (E-2) asymptofically stable .
, (E-1) (E-2) asymptotically stable
. , unifomly asymptotically stable
?
Ignatyev [71 unifomly asymptotically stable .
C. (1.2) (1.3) . , $L,$ $1>0$ , $t>0$
$|b’(t)|\leq L$ $l\leq 2a(t)b(t)+b’(t)$ (1.7)
, $(E)$ $x=x’=0$ uniformly asymptotically stable.
$C$ (E-1) (E-2) . ,
(E-1) $a(t)=1/(1+t),$ $b(t)=1$ , (1.2) (1.3) .
, $b’(t)=0$ , $2a(t)b(t)+b^{j}(t)=2/(1+t)$ , (1.7) $l>0$
. , $C$ (E-1) . ,
(E-2) $a(t)=b(t)=1/(1+t)$ . , (1.2) , (1.3)
. , $C$ (E-2) . , (E-1)
(E-2) uniforiy asymptofically stable ? ,
, damped linear oscillator unifomly asymptotically
stable .
, $(E)$ unlfomly asyl tofically stable
. , . , (E-1) (E-2)
unifomly asymptotically stable ? .
, $(E)$ asymptofically stable non-uniformly asymptotically stable
, .
2
, $(E)$ $x=x’=0$ uniformly asymptotically stable
. , $t_{0}>0$ , $(x(t_{0};t_{0}, x_{0}, x_{0}’)$ ,
$x’(t_{0};t_{0}, x_{0}, x_{0}’))=(x_{0}, x_{0}’)$ $(E)$ $x$ ($t$ ;to, $x_{0},$ $x_{0}’$),
$x’$ ( $t$ ;to, $x_{0},$ $x_{0}’$ ) . , uniformly asymptotically stable expo-
nential asymptotically stable ( , [1] ).
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, $(E)$ $x=x’=0$ uniformly asymptotically stable
, exponential asymptotically stable .
.
2.1. $a(t),$ $b(t)$
$\lim_{tarrow}\sup_{\infty}a(t)\leq 0\leq\lim\inf b(t)tarrow\infty$ (2.1)
$\lim\inf(2a^{2}(t)larrow\infty+a’(t))\geq 0\geq\lim_{tarrow}\sup_{\infty}(2a(t)b(t)+b’(t))$ (2.2)
. , $(E)$ $x=x’=0$ uniformly asymptotically
stable .
. $(E)$ $x=x’=0$ unifomly asymptotically stable
, $0<\epsilon<1$ , $\delta(\epsilon)>0$ $\{\tau_{n}\},$ $\{t_{n}\}$
$\{(\xi_{\mathfrak{n}}, \eta_{\mathfrak{n}})\}$ , $n\in N$
$\tau_{\mathfrak{n}}>0$ , $t_{n}\geq\tau_{n}$
$|\xi_{n}|+|\eta_{n}|arrow 0$ as $narrow\infty$








. , $g(t)=\epsilon^{2}/4-\epsilon a(t)/2+b(t),$ $h(t)=-\epsilon+a(t)$ .
(2.1) (2.2) , $T(\epsilon)>0$ , $t\geq T$
$a(t) \leq\frac{\epsilon^{3}}{10’}$ $b(t) \geq-\frac{\epsilon^{3}}{10}$ , $2a^{2}(t)+a’(t) \geq-\frac{\epsilon^{3}}{10}$ , $2a(t\rangle$ $b(t)+b’(t) \leq\frac{\epsilon^{3}}{10}$







, $\delta(\epsilon)=2\epsilon/3\sqrt{10}$ , $\{(\xi_{n}, \eta_{n})\}$ $\{\tau_{n}\},$ $\{t_{\mathfrak{n}}\}$ $n\in N$
$\xi_{n}=\eta_{n}=e^{-:(\mathfrak{n}+T)}$ , $\tau_{n}=n+T$, $t_{n}=2(n+T)$ (25)
. $\tau_{n}>T$ , $(x(\tau_{n};\tau_{n}, \xi_{n}, \eta_{\mathfrak{n}}), x’(\tau_{n};\tau_{n},\xi_{n}, \eta_{\mathfrak{n}}))=$
$(\xi_{n}, \eta_{n})$ $(E)$ ,
$z_{n}(t)=e^{5^{t}}x(t;\tau_{n},\xi_{n},\eta_{n})$ , $w_{n}(t)=e^{\xi t}( \frac{\epsilon}{2}x(t;\tau_{n)}\xi_{n},\eta_{n})+x’(t;\tau_{n},\xi_{n},\eta_{n}))$
, (2.5) , $(z_{n}(t), w_{n}(t))$ $(z_{n}(\tau_{n}), w_{n}(\tau_{n}))=(1,\epsilon/2+1)$
$(S)$ . $(S)$
$V(t,z,w)=z^{2}+ \frac{w^{2}}{g(t)}$
. (24) , $(S)$ $t\geq\tau_{n}$
$\dot{V}_{(S)}(t,z,w)=-\frac{2g(t)h(t)+g’(t)}{g^{2}(t)}w^{2}\geq 0$
. , $v_{n}(t)=V(t, z_{\mathfrak{n}}(t),$ $w_{n}(t))$ . , $v_{n}’(t)\geq 0$
, (2.3) $0<\epsilon<1$ , $t\geq\tau_{\mathfrak{n}}$
$1<1+ \frac{(\epsilon/2+1)^{2}}{g(\tau_{n})}=v_{n}(\tau_{n})\leq v_{n}(t)=z_{n}^{2}(t)+\frac{w_{n}^{2}(t)}{g(t)}$
$\leq z_{n}^{2}(t)+\frac{10w_{n}^{2}(t)}{\epsilon^{2}}\leq\frac{10}{\epsilon^{2}}(z_{n}^{2}(t)+w_{n}^{2}(t))$
. , $t\geq\tau_{n}$ ,
$\frac{\epsilon}{\sqrt{10}}<\sqrt{z_{n}^{2}(t)+w_{\mathfrak{n}}^{2}(t)}\leq|z_{\mathfrak{n}}(t)|+|w_{n}(t)|$







. , $(E)$ $x=x’=0$ uniformly asymptotically stable
.
2.1 (E-1) (E-2) . ,
(E-1) $a(t)=1/(1+t),$ $b(t)=1$ , (2.1) .
$2a^{2}(t)+a’(t)= \frac{1}{(1+t)^{2}}$ $2a(t)b(t)+b’(t)= \frac{2}{1+t}$
, (2.2) . , (E-1) unifonnly asymptofically
stable . , (E-2) $a(t)=b(t)=1/(1+t)$ ,
, (2.1) . , $a’(t)=b’(t)=-1/(1+t)^{2}$
2$a^{2}(t)+a’(t)=2a(t)b(t)+b’(t)= \frac{1}{(1+t)^{2}}$
, (2.2) . , (E-2) unifonnly asymptotically stable
. (E-1) (E-2) asymptotically stable
uniformly asymptofically stable .
, . (E-1) (E-2)
$x”+x’+ \frac{1}{1+t}x=0$ (E-3)
$x=x’=0$ asymptotically stable $B$ ,
, not uniformly asymptotically stable ? , $C$
(E-3) . $b(t)=1/(1+$ ,
(13) $\underline{b}>0$ , $C$ . ,
21 . $a(t)=1$ , (2.1) ,
21 . , (E-3)
uniformly asymptotically stable . ,
. .





, $(E)$ $x=x’=0$ uniformly asymptotically stab .
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. $0<\epsilon<\underline{a}$ , $z=e^{\epsilon_{t}}2x,$ $w=e^{\frac{\iota}{2}t}(\epsilon x/2+x’)$ ,
2.1 $(E)$ $(S)$ . (2.7) ,
$T(\epsilon)\geq 0$ , $t\geq T$
$b(t) \leq\frac{\epsilon^{2}}{4}$






, $T$ 1 $(S)$ $t\geq T$ 1
.
, $\delta(\epsilon)=1$ , $n\in N$ , (2.5) $\{(\xi_{\mathfrak{n}}, \eta_{n})\}$ $\{\tau_{n}\}$
$\{t_{n}\}$ . $\tau_{n}>T$ , $(x(\tau_{n};\tau_{n}, \xi_{n}, \eta_{\mathfrak{n}}), x’(\tau_{n};\tau_{n}, \xi_{\mathfrak{n}}, \eta_{n}))=$
$(\xi_{n}, \eta_{n})$ $(E)$
$z_{\mathfrak{n}}(t)=e tx(t;\tau_{n},\xi_{n},\eta_{n})$ , $w_{\mathfrak{n}}(t)=e^{\frac{\cdot}{2}t}( \frac{\epsilon}{2}x(t;\tau_{n},\xi_{n},\eta_{n})+x’(t;\tau_{n},\xi_{n},\eta_{n}))$
. , (2.5) , $(z_{n}(t), w_{\mathfrak{n}}(t))$ $(z_{n}(\tau_{n}), w_{n}(\tau_{\mathfrak{n}}))=(1, \epsilon/2+1)$
$(S)$ . $W(z)=z^{2}$ , $(S)$
$\dot{W}_{\langle S)}(z, w)=2zw$
. , $w_{n}(t)=W(z_{\mathfrak{n}}(t))$ . $(z_{n}(\tau_{\mathfrak{n}}), w_{n}(\tau_{n}))=(1, \epsilon/2+1)$ 1
, $(S)$ $(z_{n}(t), w_{n}(t))$ $\tau_{n}>T$ 1
, $t\geq\tau_{\mathfrak{n}}$
$w’(t)=2z_{n}(t)w_{n}(t)>0$
. , (2.5) , $t\geq\tau_{n}$
$1=z_{\mathfrak{n}}^{2}(\tau_{n})=w_{n}(\tau_{n})\leq w_{n}(t)=z_{n}^{2}(t)$
. $t_{n}>\tau_{\mathfrak{n}}$ , $n\in N$
$1\leq|z_{n}(t_{n})|=e^{f^{t_{n}}}|x(t_{n};\tau_{n},\xi_{n},\eta_{n})|$
157
,$|x(t_{n};\tau_{n},\xi_{n},\eta_{n})|+|x’(t_{n};\tau_{n},\xi_{n},\eta_{n})|\geq\delta e^{-\xi t_{\hslash}}=\delta e^{-\dot{\epsilon}(t_{n}-\tau_{n})}$
. , $(E)$ $x=x’=0$ uniformly asymptotically stable
.
(E-3) not uniformly asymptotically stable .
$a(t)=1$ , (2.6) . , $b(t)=1/(1+t)$ , $b(t)$ $0$
, (2.7) . , (E-3) uniformly asymptotically stable
. (E-3) asymptotically stable not uniformly
asymptobcally stable .
3
, $(E- 1)-(E- 3)$ $x=x’=0$ asymptotically stable
, uniformly asymptotically stable . 3 , 3
, 2.1-2.3 .
21 A , .
3.1. (1.2). (1.3), (2.1) (2.2) . , $2a(t)b(t)+b’(t)$
weakly integrallypositive , $(E)$ $x=x’=0$ asymptotically
stab not uniformly asymptotically stable.
. 21 A .
Bessel
$(1+t)^{2}x’’+(1+t)x’+\{(1+t)^{2}-n^{2}\}x=0$ , $n\in \mathbb{R}$ $(B)$
. Bessel $(1+t)^{2}>0$
$a(t)= \frac{1}{1+t}$ $b(t)=1- \frac{n^{2}}{(1+t)^{2}}$
, (1.2), (1.3) (2.1) .
$2a^{2}(t)+a’(t)=\frac{1}{(1+t)^{2}}$ $2a(t)b(t)+b’(t)= \frac{2}{1+t}$
, (2.2) . , $2a(t)b(t)+b’(t)$ weakly integrally
positive . , 3.1 $(B)$ $x=x’=0$ asymptotically
stable $t1\cdot \mathcal{D}$ not uniformly asymptotically stable.
21 $B$ , .
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3.2. $(1.4)-(1.6)$ . ,
$\lim_{tarrow\infty}a(t)=\lim_{tarrow\infty}(2a(t)b(t)+b’(t))=0$ (3.1)
, $(E)$ $x=x’=0$ asymptotically stable not uniformly asymp-
totically stable.
. (3.1) , (1.2) , $(1.4)-(1.6)$ ,
$B$ . , asymptofically stable. , (1.6)
(3.1)
$\lim_{tarrow\infty}b(t)=\lim_{tarrow\infty}|a’(t)|=0$
, (2.1) (2.2) . , 21 , unifomly
asymptotically stable .
32 (E-2) . , $a(t)=b(t)=1/(1+t)$
$2a(t)b(t)+b’(t)= \frac{1}{(1+t)^{2}}$
, (1.4), (1.5) (3.1) . , $K=k=1$ ,
(1.6) . , (E-2) $x=x’=0$
asymptotically stable $B\searrow’\supset not$ uniformly asymptotically stable.
22 $B$ , .
$3S$. (1.2), $(1.4)-(1.6),$ $(2.6)$. $(2.7)$ . , $(E)$
$x=x’=0$ asymptotically stable not uniformly $a\varphi mptotically$ stable.
. , 22 $B$ . , asymptotically stable
$B_{1’}\supset$ not uniformly asymptotically stable. $\square$
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